Objectives: This study aimed to evaluate whether the birth rate is associated with socioeconomic status in the women of the Republic of Korea, where the birth rate is rapidly decreasing.
INTRODUCTION
The low birthrate in the Republic of Korea (hereafter, Korea) has come to the fore as one of the most important social problems, yet effective measures for dealing with this problem have not been developed. Since 2001, when Korea joined the lowest-low fertility countries with a total fertility rate of 1.30, the low birthrate problem has remained unresolved, with Ko- [1] . The low birthrate, linked to a reduction in the labor supply and an aging population, has led to an aging industrial workforce and a reduction in labor productivity. This reduces the national revenue while increasing annual expenditures and, consequently, causes a worsening of capital accounts and a slowdown in economic growth. According to the Korea Labor Institute's Medium-and Long-term Manpower Supply and Demand Forecast: 2005-2020, Korea will face a labor supply shortage of 630 000 workers in 2015, and 1 520 000 by 2020. This is without question one of Korea's greatest problems [2] . Therefore, it is very important to understand the causes of the low birthrate phenomenon in order to respond with policy measures. In particular, understanding the socioeconomic factors influencing the low birthrate will greatly aid in national policymaking in the future.
Research on low birthrates and the influence of socioeco-nomic levels on birthrates goes back to the 1960's, when Becker et al. [3] proposed the Quantity-Quality model, in which the number of children decreases with the increase in a household's income, following the supposition that income elasticity for quality of children is greater than income elasticity for quantity of children, and this created a theoretical foundation for this area of study. Heckman and Willis [4] proposed the lifetime utility model, which accounted for the period of childbirth through the comparison of marginal utility and marginal cost. If wages were to increase with time, which would mean that childbirth/childcare expenses would increase, women would give birth at a younger age. On the other hand, if there were little or no increase in wages, childbirth would be delayed. Consequentially, they claimed that highly educated women with a higher income tend to delay childbirth. Many studies have been carried out in order to verify this theory [5] [6] [7] [8] .
Studies dealing with the socioeconomic factors influencing fertility have mostly looked at the effect of economic activities such as jobs, as well as income and education levels. Among these factors, the increase in the education level of women led to an increase in participation in economic activity and emerged as a significant influence on the decline of fertility. Some studies show a relation between a rise in income levels and fertility while others find no relation. There are studies showing the number of children is lower in cases where women are engaged in economic activity than when they are not [9] [10] [11] [12] .
Domestically, research gradually began to be undertaken in the first decade of the new millennium, when the problem of the low birthrate grew serious. Kwon and Kim [13] reported that the birthrate of the middle-class was lower than that of those with high or low incomes. Those with very high incomes had relatively little concern about child rearing, while the choices of those with very low incomes were explained as a type of gambling to improve their socioeconomic status. Lee [12] found that the greater the job experience the young and highly educated have, the lower the marriage rate. While there are other claims besides that, the truth is that much about the factors that influence low birthrates still remains unelucidated.
Accordingly, in this study we attempt to evaluate the relationship of socioeconomic determinants, such as women's occupation, educational level, and average income, to the number of children women have as direct indicators of their birthrate based on data from a Korean family-twin cohort in the (Healthy Twin Study, Korea) [14] . On the one hand, aside from socioeconomic status, it is known that a history of smoking and drinking by women reduces pregnancy rates and influences fertility. These issues need to be taken into consideration and these behaviors should be examined as well [15] [16] [17] . Using data gathered from families and twins, rather than individuals, we were able to conduct a study that controls for genetic factors and environmental factors common to a family that influence fertility, allowing us to understand the influence of precise socioeconomic levels.
METHODS

Research Subject
The Healthy Twin Study, Korea, used in this paper, is a cohort that began in May of 2005 as one part of a government-sponsored genomic cohort project. This paper uses data gathered until December 2009. This cohort (n =2860) consisted of same-sex twins over 30 and their immediate families and was formed through the Samsung Seoul Hospital and Inje University Busan Paik Hospital using advertisements put out by government institutions and participating hospitals. A detailed account of the study's protocol and objectives can be found in another paper [18] . Two-thousand eight-hundred sixty individuals (twins and family members) were the subjects of this study. Among these, 1262 women were selected, excluding the male subjects and those with missing values. Generally, when conducting a study on women of childbearing age, many times, ages 15 to 44 are examined. In some instances, the age limit is set somewhere around 40. In this study, including subjects aged 44 and above would have included 578 women. This was about 20% fewer subjects than if the 738 women aged 40 and above had been chosen. Therefore, finally, we decided to use the data on the larger group of women aged 40 and above for our analysis [19] .
Measurements
The number of children born to the women was used as a dependent variable, expressed as non-negative integers (0, 1, 2, 3…). Among the female reproductive research data of The Healthy Twin Study, the total number of babies born to subjects was examined, and the answer was used as the dependent variable. Additional female reproductive data included the subject's husband's occupation, age when first married and of menarche, parity, abortion history, age at the birth of the first and last children, and contraception use. The women subjects' education level, average monthly household income, occupation, smoking history, drinking history, and age group were used as explanatory variables for fertility. Education levels were classified into three categories: no high school degree, high school graduation, and junior college and above. The average monthly household income was classified into three categories: under under 1.5 million, 1.5 to 3 million, and over 3 million Korean won (\, 1 million won is about 1000 US dollar), working under the premise that, as it is impossible to precisely know past income, there would not be such a large difference between the present income and past income. Assuming that the subject's current occupation could not reflect their job status at the time of childbirth, we used the subject's representative job, the one which they had worked for the longest period of time, as a standard. We divided occupation into three categories: non-manual workers (administrators, professionals, engineers or semi-professionals, white-color workers, service-related workers or sales-related workers), manual workers (skilled agricultural and fishery workers, craft and related workers, plant and machine operators and assemblers, unskilled laborers), and homemakers. Where there was a missing value for the subject's primary occupation, the current occupation was used instead. Smoking and drinking history was divided into one of three categories: current consumer of cigarettes and alcohol, past consumer, and never consumer. Age was divided into three categories: 40's, 50's, and 60 and above.
Statistical Analysis
Initially we looked for descriptive statistics for the familytwin structure, independent variables, and dependent variables of the research subjects. Next, we calculated descriptive statistics for the number of children for each independent variable individually. We conducted a univariate analysis in a generalized linear mixed model (GLMM) to determine if the difference was significant [20] . In addition, before developing an explanatory model, we calculated the intraclass correlation coefficient (ICC) in order to evaluate how much influence the twin effect and family effect had in the distribution of the total number of children. Finally, when we included all of these independent variables in the model, we estimated the effect on the number of children and used a regression analysis with a final GLMM, adjusted for the genetics and shared environmental effects of identical twins or families. Meanwhile, the thing that should be considered regarding methodology when attempting to analyze the determinants of Korea's present birthrate of 1 or 2 children is finding the appropriate distribution that accounts for the number of children. The number of children expressed as a non-negative integer frequently assumes a compliance with a Poisson distribution, but a Poisson distribution has an equal variance and mean, so when the variance and mean do not correspond, we are unable to obtain an unbiased estimator. In cases of over-dispersion, when the variance is often larger than the mean, negative-binomial distribution is used. Conversely, when the mean is bigger than the variance, gamma distribution is used. The number of children is known to often follow gamma distribution with a larger mean than variance [21, 22] . Accordingly, in this study, depending on the form of the data, by conducting analysis supposing either a Poisson distribution or gamma distribution, we carried out a more precise evaluation of the relationships among variables. Once confirming that the data distribution suited a gamma distribution more than a Poisson distribution, we applied dependent variables only when their distribution was a gamma distribution in the GLMM.
Gamma regression analysis
Generally, it is thought that with the distribution of the number of children, since the mean is often larger than the variance, the gamma distribution will be the probability density function. When a dependent variable is Poisson distributed or Gamma distributed and is used in a regression analysis, the link function is taken as a logarithm. Accordingly, the following regression analysis model was used in this study [23] .
log(μij)= β0+Educationij+Income levelij+Occupation levelij+Age groupij+Alcoholij+Smokeij+MZ twini+eij (eqation 1) ( i: MZ twin category, j =individual, μij=E(Yij), Yij: number of children, MT twini: random effect, eij: error)
Generalized linear mixed model
The GLMM is a regression analysis used to study random effects in the analysis of dependent variables that do not conform to a normal distribution [23] . Because the subjects of this study are families, they are not independent but inter-related, a feature that requires revision using models such as a random effect model. As the distribution of the number of children does not conform to a normal distribution, it is appropriate to use a GLMM [20] . Using a GLMM, we can estimate the extent of genetic factors and unmeasured shared environment through identical twins or families. Indeed, we can estimate the percentage of the variance due to family structure out of the total variance and the variance due to twins out of the total variance. Meanwhile, for the sake of model simplification, we only used one of two family structures. For example, if the variance due to family and the variance between twins was very small within the variance of the total number of children, we were able to effectively simplify the statistical model by only including one of the two in an explanatory model. After we confirmed that the family effect was relatively very small, we studied the twin-effect as a random effect. This assumes that identical twins have, among themselves, the same degree of correlation, while there is no correlation for non-twins. By positing this kind of model, we are able to take into consideration the shared environment and the hereditary congruity of identical twins. When family structure was set as the model, having found that the variance accounting for family structure was quite a minor portion of the total variance, we can definitely say that we consider hereditary congruity to account for a large portion of the total variance. Through the GLMM, we can determine to what degree hereditary factors account for variance in the total number of children. Taking this into consideration, we can determine the degree to which socioeconomic levels have an effect. In this study, after first finding the socioeconomic level effect that considers identical twin structure, in order to know the influence identical twins had on the number of children, we looked only at twins and families and did not include anything as independent variables. Then we looked for intraclass correlation coefficients of a variance that accounts for the corresponding structures. Then we found a proportion of variance that accounts for twins within a regression analysis adjusted for independent variables and compared it with the proportion of variance when nothing was included as an independent variable. Through this procedure, even excluding socioeconomic levels, we were able to determine the degree to which the twin effect remained unaccounted for, allowing us to predict how much of it is hereditary. All analyses were conducted using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA) and R version 2.14.1 (University of Auckland, Auckland, New Zealand).
RESULTS
Research Subjects' General Characteristics
In Table 1 we proposed descriptive statistics about the general characteristics of the group that we analyzed. Out of 732 The mean number of children was 2.72 with a standard deviation of 1.3. The distribution of the number of children showed, as expected, to be closer to a gamma distribution than a Poisson distribution, and because the mean was bigger than the variance, we believe there was a need to use a Gamma rather than Poisson distribution.
The families and sets of twins who participated in this study are shown in Table 2 . The distribution of the number of family members included a total of 421 families. The number of families having 1 to 6 family members, was, in order, 241, 97, 52, 19, 7, and 5. The number of sets of identical twins in families having 1 to 6 family members was, following the same order, 0, 45, 27, 12, 5, and 4, for a total of 93 sets. Forty-four sets of twins were part of two-generation families, while no families consisted of three generations.
Difference in Number of Children for Each Independent Variable Category
In order to find the difference in the number of children according to the independent variables, we attempted to compare the mean with each independent variable's category ( Table 3) . As the educational level and average monthly household income increased, we saw a trend toward a diminishing number of children, and when only a single independent variable was entered into the model, the type 3 fixed effect had a p-value of less than 0.001. For occupation, the economically inactive population had the least number of children, while manual laborers had a higher number, and non-manual laborers even higher (p<0.001). Within different age groups we found that as age increased from 40's to 50's to 60's, we saw an increase in the number of children (p<0.001). Regarding smoking and drinking history, the results showed a trend toward a smaller number of children the more current consumers consumed tobacco or alcohol. The p-value was 0.099 for tobacco consumption and under 0.001 for alcohol consumption.
Multiple Regression Analysis Using Generalized Linear Mixed Model
Before conducting a multiple regression analysis, in order to determine the influence of family structure on the total variance, we calculated the proportion of the variance accounted for by family structure as an ICC in a null model that did not include any variables. We determined that the proportion of variance of 0.02 based on family structure could not fully account for the number of children (Table 3 ). The ICC value accounting for identical twins (Table 4) was 0.766, whereas that for regular families had almost no influence. We discovered that the number of children between identical twins is an important matter for consideration. In comparison, in multiple regression analysis models considering all independent variables, the variance accounting for identical twins decreased by 0.20. Consequently, in the correlation valuation of socioeconomic levels, by modifying only whether there were identical twins and not considering families, an effective model composition was possible. We compared the univariate regression analysis and the full model, that is, the multiple linear regression analysis (Table 5) . For educational levels, univariate models showed a trend of a decreasing number of children the higher the education level. The full model agreed with the trend of reduced numbers of children with increased education, and only when comparing the very highly educated and those with a middle school education and lower did a significant difference appear (relative risk [RR], 1.196; 95% confidence interval [CI], 1.107 to 1.293). With regard to the average monthly household income, the univariate model showed a trend toward a lower number of children with increasing income. Compared with high-income families, the group with incomes of under \1 500 000 produced a significantly larger RR value (RR, 1.248; 95% CI, 1.156 to 1.347). Within the full model, the under \1 500 000 group and the over \3 000 000 group showed a trend toward having a greater number of children compared to the group with the average household income of \1 500 000 to \3 000 000. There were no statistically significant results from this model. In the case of occupational factors, in the full model, the number of children for non-manual laborers was the smallest, and when compared with full-time homemakers, we were able to obtain a significant RR (RR, 0.9; 95% CI, 0.837 to 0.968). For the age groups, we were able to obtain results with both univariate analysis as well as the full model showing a significant increase in the number of children for the higher age brackets. No significant difference could be found for tobacco or alcohol consumption history in the full model.
Multiple Regression Analysis Stratified by Age Group
Having found in both the univariate analysis and multiple regression analysis that age group exerts a large influence on the number of children, we conducted a multiple regression analysis for individual age groups (Table 6 ). In order to simplify the income level effect, we analyzed the monthly average household income as a binary variable with \3 000 000 as the threshold. We found that the number of children for those in their 40s with a middle school education and lower was, statistically, significantly lower than that of highly educated people in the same age group (RR, 1.128; 95% CI, 1.023 to 1.243). Those 60 and over showed a clear trend toward a decreasing number of children with an increase in education, while we were not able to obtain significant results for the group of those in their 50s. For income levels, we found that within the 40-year-old group, the number of children of the lower income group, those making less than \3 000 000, was significantly lower than that of the higher income group making For occupation, non-manual laborers showed a trend toward fewer children across all age groups, and showed statistically significant results when compared with homemakers. For tobacco and alcohol consumption, we found that in the group of those in their 40s, past consumers had a significantly higher number of children than current consumers (RR, 1.161; 95% CI, 1.027 to 1.311).
DISCUSSION
Summary of Study Results and Comparison with Previous Studies
This study's results showed that even when adjusting for influences of other variables, by and large, the higher the subject's level of education, the lower the number of children. This conclusion partially corresponds with the life cycle utility model of Heckman and Willis [4] . Indeed, it supports the hypothesis that the higher a woman's education or income is, the later childbirth occurs and the fewer babies are born. This it true when wages are either not very high or do not appreciate along as time passes, whereas childbirth fees do not significantly increase. Moreover, this also corresponds with the findings of Lee [12] and supports the explanation that as education levels increase, economic activity participation increases, and compatibility between work and family life becomes difficult. Income levels in and of themselves showed a trend toward a diminishing number of children with increased income. After considering other variables, a tendency toward a Ushaped pattern could be seen, but there were no statistically significant results. These results do not correspond with Heckman's life cycle utility model or Becker's Quantity-Quality model [3] , and can be seen to correspond more with the Ushaped model proposed by Kwon and Kim [13] . With regard to occupation, in a univariate analysis, the number of children for non-manual laborers was significantly lower than that of other groups, and even after considering other variables, the results showed the number of children for non-manual laborers to be significantly lower than that of full-time homemakers. If we consider that non-manual workers are relatively highly educated, we may say that corresponds to some extent with the educational level results. In the data of this study, there was a trend toward significantly higher education for non-manual workers compared to other groups (p<0.001). Even after taking other variables into consideration, the number of children for non-manual workers was significantly lower compared to that for homemakers. This partially corresponds with studies claiming that women with work experience have a low number of children, and likewise corresponds with the explanation that economic activity participants spend relatively less energy on their families.
If we look at age, regardless of other variables, we confirmed that the number of children sees a pronounced increase with an increase in age. This signifies either a period effect or a cohort effect exerting an influence on the number of children itself. If the former, factors such as the growth in birth control or a change in childbirth-related policy by the government can account for this. If the latter, we can account for it as the childbearing by married women of childbearing age being influenced by when some policies were implemented [12] . The Family Planning Program began in earnest in 1962, launching with the slogan "Let's have few children and bring them up well, " and lead to the practice of birth control through education and advertisements and the introduction of a nationwide movement and various contraception methods. In the early 1970's, when the birthrate had had reached its peak, the government adopted the slogan, "Boy or girl, let's have just two children and raise them well, " and unfurled a powerful birth control movement, legalized abortion, and introduced various tax exemptions and similar incentives. Since the late 1980's, having reached their target, the birth control policy was relaxed, and, in the mid-90's, the population control policy was abolished. Since 2004, the Presidential Committee on Aging and Future Society was established, a national road-map was created, and the Childbirth Encouragement Policy was implemented. Accordingly, we may say that those in their 50's were influenced by the birth control policy of a relatively forceful government, and can guess that those in their 40's were less influenced by government policies such as birth encouragement and birth control policies. When a stratified analysis was carried out by age group, the education effect for those in their 40s showed a trend similar to the analysis conducted on the entire group of subjects. Notably, those with an income of \3 000 000 and above were found to have a significantly higher number of children. This conclusion corresponds in part with existing domestic research showing an increase in the number of children with an increase in income [19] . Whereas, looking at the lack of a significant income effect for the group in their 50s and those 60 and above, we can interpret the low economic levels of the relatively recent past as being the cause for a low birthrate. On the one hand, this explains the situation for this age group when they were married or had children; on the other hand, it appears as if the present day average monthly household income is not a suitable indicator. When we compared the group of those 60 and above with the other age groups, the "higher education-lower number of children effect" was even more marked. This could be explained by the fact that, in the past, obstacles to higher education were relatively high and education's impact was more significant. We did not obtain any significant results for the group in their 50s, apart from occupation, which was similar to the findings when we analyzed the whole group. In the case of income, while the average monthly household income is most probably not a suitable indicator, as previously mentioned, seeing that education levels were also found to have no significant relation, it appears that the period effect or cohort effect is relatively large. This conclusion corresponds with the assumption that the group in their 50s was most influenced by the government's birth control policies. We believe that the veracity of this assumption can be determined in future studies.
Hereditary Factors Influencing the Number of Children
By determining that family structure played a very small role in accounting for the number of children, after determining that the effect of the shared environment was also small, using identical twin subjects, we were able to approximately estimate the degree to which hereditary factors influenced the number of children. The percentage comprising identical twins in the total distribution was 0.766 in the null model and 0.202 in full model. This, even after considering a number of variables, signifies the existence of a portion accounted for by identical twins. Accordingly, we may conjecture the existence of hereditary factors that exert an influence on the number of children. Accordingly, though the conclusions of this study are indirect, they can be said to take hereditary factors into consideration. Henceforth, when analyzing factors influencing low birthrate, this study's findings that hereditary factors had a 20% explanatory power for fertility, even after considering other factors, and that shared environment had a very small influence will serve as important reference data.
Limitations and Future Subjects
In the Healthy Twin Study data used in this paper, including the identical twin data, it is difficult to represent ordinary women with respect to the giving and taking of help in the childcare process. Apart from that, we also adjusted for socioeconomic levels such as women's educational level and income, as well as occupation only. That we could not account for other socioeconomic levels such as age at the time of marriage, the husband's occupation, educational level, etc., was another limitation. In addition, there was the problem of multi-colinearity between socioeconomic variables. One problem is that it is difficult for the average monthly household income to account for the socioeconomic situation at the time of childbirth. 40-to 45-year-old subjects had the shortest time period between giving birth and the study, so we believe that the average monthly household income for this group represented the income at the time of childbirth relatively well. When an analysis was conducted on only this group, the under \3 000 000 group had a significantly lower RR value (RR, 0.898; 95% CI, 0.816 to 0.916) than the over \3 000 000 group. This figure is lower than the 0.93 RR value of the 40 to 50 age group, signifying that income can actually have a bigger influence on the number of children. Likewise, given the limitations of the data, there was no information about how many household members there were, so we were unable use the household income indicator to take into account this influence. For occupation, we used the job that the subject had worked the longest as well as their current job. Since more time had passed for older subjects since giving birth, the probability that they started their long-term occupation after giving birth was a problem. The current occupation, likewise, is problematic for explaining the situation at the time of giving birth, leading to the possibility of a bias emerging. In this study, there were 50 individuals without a long-term occupation for whom we substituted their current occupation. For 66% of the subjects, their current occupation was the same as their long-term occupation. We can guess that around 17 individuals incorrectly inputted their long-term occupation. Since occupation categories were changed fewer times than this, we judged that substituting the current occupation for the longterm occupation would not cause any significant problems. There was also a limitation in that we looked exclusively at women above 40. There is a need for research looking into various other factors apart from the socioeconomic levels analyzed in this study. Solving the problem of multicollinearity by using models like principal component analysis could prove a means to overcoming this point of limitation. Particularly, in the case of household income, we observed that the greater the number of children the greater the income for 40 to 45 year-olds, whose income at the time of the survey was likely to have better reflected their income level at the time of childbirth than that of the other age groups. In light of this, we feel that if income at the time of childbirth was estimated and reflected in the study, we would be able to reach a clearer conclusion. For occupation as well, supplemental data is needed, such as asking about the subject's occupation at the time of childbirth. When looking at dependent variables as well, the absence of information about stillborn babies and miscarriages was another limitation. Future research will need to carry out analysis that reflects such information about miscarriage experience, not limiting variables to fertility and natality, but also examining change initiatives such as childbirth plans. Expanding research to include women of all ages would likewise be helpful. For the household equivalence scale, we used household income itself. This was because no supplemental study has been performed on whether the number of household members agrees with actual economic units, which, we deemed, could actually be more inaccurate. In the future, if we are able to obtain information about actual economic units, we will be able to use household income adjusted for the number of households [24] . Furthermore, rather than only analyzing women aged 40 and above, we could alternatively analyze the incomplete fertility rate by including younger women as subjects [19] . If that happens, the number of research subjects could be expanded and the power of the analysis increased. Finally, as for limitations in the case of smoking and alcohol history, while the never-consumers certainly did not smoke or drink during pregnancy, it is difficult to say whether present or past consumers did so during pregnancy. In the future, we should conduct a more detailed survey and supplement these findings.
Despite these limitations, this study's significance lies in having determined the influence of socioeconomic level on fertility and that there is a hereditary factor. In particular, considering the tendency for working women to have a smaller number of children than homemakers, and the influence of income on the number of children of the relatively young group of those in their 40s, there is a need to examine whether the current birth encouragement policy is taking working and low-income women into consideration.
